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OSCILLATIONS IN CAS-DISCHARGE DEVICES i

Elzktrichestvo, No 2, PP 16420 M. M, Chetverikova, Cand Tech Sci
Moicow, Fe 51 8ci Res Inst of FPhysl,
Moscow State U

Submitted 9 Sep 1950

[The following report wes delivered at the Section o. Radio Meth-
¢ds of the All-Unjon Scientific and Technical Society o Radio En-

The abstract to the article stated the following: "fThe article
pPresents basic results of the siudy of high-frequency oscillation
Zeneration by means both of gas~discharge devices specially devel-
Jped or this purpoge and of industrial thyrairons and gasowiuns
(gas~1111ed rectifiers). Oscillations were studied with generator
circuits in which external oscillatory circuits vere present and
. absent."

Table and figures referred to are appended. ]

Oscillations ip gas-discharge tubes with liquid pool-type or heater-type
cathodes containing different gases at different pressures with different dis-

oy It has been experimentally estsblished that these oscillations cannot be ex-
- plained only by the presence of oscillations in plasme. With the aid of gas-
: discharge tubes 4t is possible to excite oscillatiors of different types
including, for example, oscillations analogous to those in the retarding field
of an anode. Gscillations can be localized in both ihe anode and cethode re-
gions of a discharge.

A large number of investigations by Soviet scientists has been devoted to
"stenotrons,” in which the effect of constricting the discliarge is used to excite
oscillations. Investigations vere conducted at the All-Union Electrical Engipeer-
ilng Iastitute imeni Ul'yanov (Lenin) (V2I) by V. L. Granovskiy Jointly with
L. N. Bykhovskays and G. L. Suyetin (1). Most of the research on oscillations in
gas discharges has been conducted with the eid of special experimental tubes
having little 1n common with gas-discharge devices of industrial types (eas~
filled rectifiers, ignitrons; thyretrons, and powerful mercury-are rectifiers),
The problem of ostlllations in gas-discharge devices has not recelved sufficient
attention in the literature, ’

Oscillations {n Thyratrons and Gas-Filled Rectifiers

1 Oscillations in thyratrons and gas-filleqd rectifl .rs vere studied in the
absence of an external oscillatory circuit on the apparatus whose schematic dia-
eram appears in Pigure 1. Since ac weating causes strong modulation of the oscili-
v lations being studied; ac was used for heating the filament. 4 11h-volt storage
. battery was used for anode bover supply. In the investigatipn of oscillations
in thyratrons the grid was grounded through resistance Rg 10* ohm, which was
L necessary for firing of the thyratron, After firing, the grid could be discon-
P nected. The voltage drops on thyratrons and gas-filled rectifiers were measured
roo, vith a high-resistance voltmeter; frequencies and amplitudes of the oscillations

1.
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vere meesured with a cathode-ray oscillograph EG-5, which was calilrated for i
different values of amplification ang Gynchronization., The frequency F of the I
oscillations and the amplitude Uy of the ac voltage ~omponent were measured at ’
the anode ip dependence on tha dc component of the encde current Ia, at heater

current Inw=const or in dependence on In 8t Ig= const, » The results of measures

ments of irequency F and amplitude of oscillations Uy from the filament current

Ih are not cited here.

Below are presented 8ome recults of the study of oscillations in thyratrons
TG-8/3000 ang KU-635 and in the VG-237 ges-filled rectifiers, Evidently these
oscillations originate mainly in the &4node region, since oscillations at the
grid of & thyratron are insignificant n amplitude and chaotic ip Torm.

Observation of Oscillations in Thyratrons and Gas-Filled Rectifers

1. Systems Without External Osciilatory Circuits

Oscillations are observed in the 6-8/3000 thyratron for nearly all
Vai.es of discharge current which are allowable for 1t from several milliamperes
to 2 a (Figure 2). 3tarting with Ia= 1.7 &, the oscillations take on & géig-
orderly character Quantitrtive measurements at I, :>1 7 & vere not taken,

Osczllograr: were taken for Iy = 250 ma, F = 102 ke and for Ig= l.2a,
F = 75 ke at different anplifications ajg vscilloscope sweep rates.

In the K0-635 *tyratiron. Lowever, oscillations arise intermittently
at Io,= 0.3 & (Figure 3) The oscillation requency changes frow 2k to 50 kc
when the disclarge current 1s varied f'rom 0.3 te 2,5 v, M. amplitude of
oscillations Uk is tonsiderably higher thap with the thyrutron T5-8/3000. The
characteristics shown by the solig and dotted lines are for two different speci-
mens of the Ky-635 thyratron. The smail difference in frequency of oscillations
is explazned by the fac- that the internal parameters of the thyratrons (elec-
trode configurations ang pressures) were not completely indentical

The oscillations Are of 4 stable character ang their form, which ig
¢lase o sinusoigal wt the Leginning . becoges distorted us the discharge cur-
rent jnureuses

in the V3.237 ERS-Uiled roctyfey stillations were observed only
far s very small range of VEIIAl1I6n nf te sarge curvent. { from 2 to 450 ma),
Beginuing with i me, the onCiiiations betome chuctis  ang their ampliiude rapidly
decreases (Figure B} AT 1y = LSG pm vitrllatzons disagpear, Cieurly observable
oscillations oceur in the runge frop 2 Lo L3 ma.  The osc:lliation frequency hus
& sharp minimum at la ® 5 ma, while the amplitude has & sharp maximum at Ig=6-7
ma. The form of the oscillations rcpends to o considerable extert on the value
of' the discharge current

2. Isolation sy Oscillations iq an External Osriilatory Circutt

In order to s1solate the h:gh-frequen?y “omponent the oscitlution gcner-
ator was conrcected i, parsiiel with ar externai oscililetory circuit (Figure 5),
Operation of the generator was studied on two Specimens of thyratron Ku-635 at
I=2 a, The lesonance frequency for one Specimen was [ 47 ke, for the other
=39 kc. The greatest amplitude of voltiage on the oscillatory circuit was 60 v,
Tuning to resonance was accomplished by varying one of three values (Ig, Ih, or
C=¢y + C2), while the other two were helg tonstant. Rough tuning was accomplished
by varying Co and Ig, and fine tuning was accomplished by varying €y ard Iy (within
the allowable limits), The power isolated in the oscillatory circuit was of the
order of 1 watt.
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Connecting the oscillutsry circult as a load for the high-frequency com-
ponent of the thyratron anode current distorte the form of anode oscillations.

In view of the small internal resistance of a thyratron, series con-
nection of the oscillatory circuit to the main circuit seemed most rational.
The internal resistance of the thyratron in this cese went into the oscillatory
circuit. When R=2¢ ohm (including the resistance of a thermal milliammeter),
the current 1n the oscirilatory circuit reached 330 ma and the power reached 2
N watis. For excitation of high-pover oscillations with ges-discharge devices of

the usual type (thyratrons, mercury-arc rectifiers, ignitrons, etc.), develop-
: ment of special generatlor circuits is ngcessary,

Generation of High~Frequency Oscillations by Means of Gas-Dischurge Devices With

L Hgycgzz Cathodes

In vorking out the design of a gas-discharge device intended for the genera-
tion of high-pover and high.frequency oscillations, the liquid pool cathode with
& nonfixed cathode Spot, which does not 1:imit the current to be converted, is
. of basic interest. The gas-discharge device with a mercury cathode selected
. for experimental purpose was a type RMNV-500 uncontrolled demounteble metal mer-

The results clted below were obtained by us in studying the RMNV-5C0 anode
assembly. The delenization grid was removeq from the anode sleeve and two elec-
. ‘Lrodés, 8) and g (Figure 6], were placed at 8 given distance from the anode.

The electrodes were connected to wvacuum bushings built in to the flange of the
. &node assembly,

The oscillations were investigated with the excitation switched on. They
vere. observed on & cathode -ray oscilloscope type EO-5 calibrated for different
values of amplification and synchronizaetion In taking the load characteristic
Ueg f(Igz). the frequency F and the osczllation amplitude Uk were measured as
A function of the load current I,-  Using the circuit in Figures 8, oscillations

N vwere cobtained i(n the range rrom 4 to 112 ke The smplitude of oscillations U
i Was measured in the range {rom éMjS to S8 v Oscillations with frequency r= E kc
and amplitude Uh = 17 4 v were wotained at = aa’/ard, Cy = 1.5 wgd, Cg= 0,
8““.?1:19;5A/~fd; the de componzatl ol Lie discharge curvent Ign-was 0.2 ),
. RN I ——

~—alagyasee - (D CUPEE

Oscillations with a frequency * = 112 ko were ovtained at ¢y = 1464, Co=22
A, Cy= L5 M0d, ang Cq= 11.600%1d; the ac component of the discharge current
Igo wus k.5 g Occillations of the amplitude U = 58 v were obtained under tne
following conditicns, C;=0 SM41d (p = a5 A4rd cy=1 514, C5 = 0; the
dc component of the discharge carrent Igo vas 10 &, The form of the osclllations
F=14.8 ke was recorded by the EQ = cathode.ray oscilloscope The dc component
of the discharge current I 2 was 2 a; Ugo was 36 v

s In Figure 7 the curves 1 and 2 show the derendeuce of oscillation frequency
N and amplitude on wepaciter Ca, while curves 3and 4 and 5 and 6 show the Fepen-
[P dence of the same parameters on the discnarge current Ig2-

aither verying C from Q.25 Sefd to 2.f4 nor disconnecting C1 and &, from
the circuit has any uffect on tie frequency or amplitudes of the osclllations.
In the circuit shown in Figure 6 the frequency and anplitude of the oscillations
- 8re determined by the external parameters of the circuit and the value of the
b discharge current. we studied oscillation phenomena in 11 different circuits.
¥ Oscillations with frequency F=21 8 kc ang U = 33 v for one of the variants of
: these circuits (Figure 8) vere observed ror Igp = 25 a and ¢ = 3474,

o
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The frequency and amplituge of oscillations for different capucitances
and discharge currents 1 ., or Iy for the caircust in Figure 8 are citeg in
Table 1. Tt 15 not difflcult t3 see that in this circuit the discharge currents
Ig2 ang Igi have no effect on the frequency of osctlletions. fThe amplitude of
oscillations Uy - however, Brovws v:ith an increase in Ig2 or I, . 1t vas a',p
established that in the circuit of Figure 8 connectioh of capacitance ang induc-
tance 1p 5eries between electrode €] and the cathode does net affect either the
frequency Oor amplitude orf the oscillations.

Conclusigg

Further Study as 4o +he Possibility of nCreasing the frequency and bower
of oscillationg generated i gas-ilscharge devices 15 needed. It 15 also
- necessary to study osctllations 1n gus discharge devices as causes of breuk-
L., downs apg sources of interference, The relation between hackfirlngs and osecil.-
lations 1p gas-dischurge devices sheoulg e 2leareg up. Superlmposing the
. : characteristics F=ri1,) en Ug = 11,9 of thyratrons P3-8/3000 apq KJ~635 with
. the values or their maximay allowable haolk vorltages showe that an increase in
oscillatic. amplitude ffop thyratron KU-635) corresponds to a decrease
in the ~llowable valge of hack voltage, Thig Proposition  should be
checked with Other types of g8s-discharge devices, I

Part1r1pating tn the investigataan of “g21llations sn gas-discharge devices
were stilent v, I. SUelyunskiy {thyratriuns End gas-f1]leq rectifiers) ang
sclentific ALSOcintes p p Klimentov ang P. M. Svir:idov {mprcuryucathode de~
vices) .
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Zhur Tekh ps,. 3
cfiur Tekh Fia.

Talle ]

. Igy, a 0.76 1.25 1.3 1.3 13 1.3 1.5
C, Mfa > 0.25 0.5 1 : 25 2.5 !

F, ke 6.2 45 5 .2 23 z 14,2 15 2 by

Uk, v 30 3 + TS 3 2y s 135 17

* Tg2, a 175 c g ) 25 25 2.5 2.5

C. M4 2.5 2.5 2.5 205 2 3 o.hzvs

F, kc 12.8 13.5 15.0 14,2 166 21.8 43.8

. U v 20.3 26.3 25 22.5 35 33 18.6
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